SUMMARY 2.4-Dichlorophenoxyacetate-grown cells of Alcaligenes eutrQphus JMP134
(1 1 metabolized 4-methylphenoxyacetate via a modified ortho-c1ea-vage pathway. 4-Carboxymethyl-4-methylbut-2-en-l ,4-0Iide (4-methyl-2-enelactone), 4-carboxymethyl-3-methylbut-2-en-l ,4-0Iide (3-meth yl-2-enelactone) and 4-methyl-3-oxoadipate, were identiried as intermediates.
INTRODUCfION
Microbial degrad ation of methyl-substituted aro matics normally proceeds via meta-cleavage pathways with methylcatechols as key intermediates [2] [3] [4] . A problem of practical concern during waste water treatment is the degradation of methylaromatics in the presence of chloroaromatics. Because or biochemical and genetic in· activation of mela-cleavage activities provoked by 3-chlo roca techols, ch 10roaro ma tics-degradin g populations lose their ability to utilize methylaromatics (5). As a consequence of acdimatisation to chloroaromatics, methy1catechols are subject to unproductive ortho-cleavage with accumulation of methyl-substituted 4-carboxymethyl-but·2-en-I,4-olides as dead-end metabolites (6, 7] .
In contrast, a Nocardia strain was reported to metabolize 4-methylbenzoa te via an unusual ortho--c1eavage path way [8 ). 4-Carboxymethyl-3-methylbut-2-en-l.4-0Iide (3-methyl-2-enelactone) was postulated as the primary cycIoisomerisation product of 3-methyl-cis,cis-muconic acid. This unusual cycloisomerisa tion mechanism would circumvent the problem of isomerisation of but-2-en-1.4-01ides to but-3·en-1.4-0Iides. which is an essential feature of th e classical ortho·pathway (9). This isomerisation step is Obviously impossible in the case of the 4-methyl-2-enelactone.
A . eUlrophus JMP134 is known to degrade both 2,4-dichlorophenoxyacetic acid (2,4·D) and 2-methyl-4-chlorop henoxyacetic acid ( MCPA). The possibi lity that it is able to degrade methylaromatics via an orlho pathway was thu s worthy of investigation. and our preliminary find ings are presented here.
MATERIALS AN D METHODS

I . Bacterial strains
A. eutrophus JMPI 34 was isolated on the basis of being able to grow with 2,4-0 as sole source of ca rbon and energy [I) . Most enz.ymes of the 2.4-D ca ta bo lic pa th way are encoded on a 75 kb pl asmid . pJP4, present in thi s o rga nism [1 0, 11 ] . A . eUlrophus JMP222 is a deri vative of JMP134 that has lost pJP4. and is therefore unable to catabolize 2.4-0 . Both JMP134 and JM P222 are able to grow on 4-methyl-Z-enelactone as sole ca rbon source (t his paper). Stra in A . eutrophus ROSS3 is a mutant derivative of )MP222 obtained by transposon mutagenesis with transposen Tn5 using the suicide vecto r p LG221 [to] , which is unable to utilize 4-methyl-2-enelactone as sole carbon source.
Growth conditions
For accumula tion o f metabolites, resting cell s o f A . eLl/rophus JMP134 were used . These were o bta ined by growth in a mineral medium (12) with 2.4-dichlorophenoxyaceta te (2.4-0 ) o r 4-melhyl2·enelactone (5 mM each) as sole ca rbon source. Cells we re harvested, resuspended in phosphate buffer (A ~46rlm appro.lt. 5) and incubated at 30° with the respecti ve substrate (2 mM).
Cells o f strain R0553 were pregrown in a mineral medium containing 5 mM fru ctose and 50 ",g/ ml kanamycin_ Conversion of 4· methyl·2-enelactone (3 mM ) wa s carri ed out by incubation in the presence of 2 m M fructose.
Identification and iso/alion of metabolites
T he concentration o f 4· methyl-2-e nelacrone and 3-methyl-2-enelactone in the culture supernatant fluid was determined by HPLC analysis at 210 nm (Co lumn SC with Lichrospher 100 spheric RP8, Bischo ff. Leonberg, F.R.G.) and by comparison with authentic compounds 16). T he solvent system contai ned 80 ml MeOH and 1 g H ) P0 4 per I. Under these condi tions. the relative retention volume compared with catechol (3 ml) was 0.6 fo r 4-methyl· and 0.56 for 3-mcthyl-2-enelactone. Ultraviolet spectra were determined by use of a Shim adzu UV 240 spectrophotometer. Mass spectra were recorded on a MAT 311A spectrometer (Vari an, Bremen, F R.G .).
N MR spectra were recorded on a FT 80 spectro meter in the case of 3-methyl-2-e nelacto ne an d on a XL 200 spectrometer (Varian. Bremen, F.R.G .) for 4-methyl-3-o.ltoadipic acid dimethylester with tetramethy lsilane as intern al standard and C OCl) as solvent.
For isolation and puri fica tion o f 4-methyl·3-oxoadipic acid and its d imethylester. the cell-free culture fluid was acidified to pH 3 with H ) P04 and extracted by ethylacetate. The extracted metabolite was stabilized by methylation with d iazomethane [13] . The dirnethylester of 4· methyl-3-oxoadipic acid was purified by preparative thinlayer·chromatography on silica gel 60 mesh PF 254 (Merck, Da rmstadt. F.R.G.) with 70 % d iisopropylether, 25 % hexane and 5% ethyl acetate as the mobile solvent. Bands were detected under UY-Iight (254 nm).
RES ULTS AND DI SCUSS ION
2,4· 0-grown cells of A. eutrophus JMP134 [1) readily converted 4-methylphenoxyacetate (4MPA) almost quantitati vely into 4· methyl-2-enelactone.
Unlike Pseudomonas sp . B13 [6J, strain JMP134 harbors the capability of furth er metabolism of 4-methyl-2· enelactone. Thus, after a short induction period, the metabolite disappeared from the culture fluid, with concomitant excretion of anot her metaboli te exhibiting a slightly different retention volume on the reversed-phase column .
During further incubation this metabolite also disappeared. Cells of A . eutrophus JMP134, pregrown with 4-methyl-2-enelactone, showed the same pheno meno n of temporary accumulatio n of the new metab olite, when incubated with 4-met h y 1-2-ene1 actone.
By use of cell-free extracts from 4-methyl-2-enelac tone-grown cells, 4-methyl-2-enel actone was quan titatively converted into the new metabolite. Further degrada tion was not observed in vitro. In comparison to 4-methyl-2-enelactone. the UVspectrum of the new compound showed a slight increase in absorption and shift of " ma>. from 212 nm to 215 nm . By analogy with the postulated orillO-cieavage p athway o f methylbenzoate in N ocardia [8] . thi s metabolite was assumed to be 4-carboxymethy l-3-methylbu t· 2-en-l ,4-olid e (3-methyl-2-e nelactone). In order to veri fy this hy. pothes is, the 4-methyl-2-enelactone was chemically converted into 3-methyl-2·enelactone following the procedure of Ca telani Pl.
Using slightly alkaline conditions (pH 8.5) and elevated temperature (70°c), 4-methyl-2-enelactone was transformed quantitatively into a compound. which was undistinguishable from the biologically produced metab olite of 4-methyl-2-enelactone. The identity o f both co mpo unds was confirmed by HPLC analysis as well as by UV spectrometry. Furthermore, the chemically generated compound was rea dily degraded by whole cell s of A. eurrophus JMP134. pregrown On 4-methyl-2-ene1actone. Its structure was shown by mass spectromet ry to be 4-carboxymethyl-3-methylhut-2-enl,4-olide (3-methyl-2-enelactone. Tabl e 1). Th e very intense molecular ion at m/z: 156 (M +) was identified by high resoluti on technique. The fragmentation pattern observed was essenti ally the same as that described in the literature (7.8].
The 1 H-NMR spectrum (Table 2 ) again coincided well with the reference data (7, 8] .
Since 3-methyl-2-enelactone was not further transfo rmed by cell free extracts the fate of this metabolite was investigated by means of transposon mutants of A. eutrophus JMP222. which were defective in this pathway and had therefore lost the ability to grow wi th 4-methyl-2-enelactone as sole carbon source.
After induction of one of these mutant s. strain RD5 53. with 4-methyl-2-enelactone. a metabolite was detected after the inducer had been completely metabolized. The metabolite was extracted from the acidified culture fluid and purified by thin layer chromatography. The mass spectrum of the dimethyl derivative revealed a molecular ion of Table: 1 Mass spectrum of 4-carboxymethyl-3-methylbut-2-en-I,4-o1ide (3-methyl-2-enelactone)
ml'
Intensity
Assign me nl (% of base peak) Table 4 ). These data are consistent with the proposed structure o f 4-methyl-3-oxoadipic acid dimethylesler. A modified ortho-c1eavage pathway for the degradation of 4- The present s tudy shows that catabolic activities exist in nature not only for methyl-and chlo ro-substituted aromatic compounds as sole carbon sources, but also fo r mixtures of these chemicals, which under certain conditions are incompatible substrates.
